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SUMMARY

DmaldE.Gatit

A previousinvestigationofboundary-layercontrolemplo@nga two-
dimensionalmodeloftheNAC!A631-012airfoilsectiondemonstrated.the
abilityofa singleauctionslotneartheleadingedgetoincreasemaximum
lift. Itwasbelievedpossible,however,thatthecomyletestallmayhave
resultedfromleadin~dgesepmationbecauseoftheinabilityofthenose
suctiontoholdtheflowonthesurface.Toinvestigatetheeffactiveness
ofthenoseslotathighervaluesoflift,a secondsuctionslotwasadded
nearthemidchordstationofthemodel.‘Ibisreportisconcernedwiththe
resultsobtainedwiththetwoslotsoperatingsimultaneously.

Itwasfoundthatsuctionthroughthemidchordslotincon~unction
withthenoseslotresultedinsubstantial~ins inthemaximumliftover
thatobtainablewithnosesuetionalone.Theeffactivenessoftheboundary–
layercontrolincreasedwithincreasedflowthroughthenoseandmidchord
slots. Theexactnatureofthesectionstallingcharacteristicscouldnot
bedeterminedbecauseofa breakdownoftheflowoverthemodelnearmax–
imumlift,whichwasthou@ttobecausedbyinflowfromthewind-tunnel–
wallboundarylayer.

me data~resentedincludeforceandmomentmeasurements,pressure
distributions,and
numbersof4.1and

Wingsections

boundary-laye~veloci~profilesobtainedatRe.voids—
5.8 mi~ionj

suitablefor

INTRODUCTION

high~~eedapplicationusuallystallat
relativelylowvaluesofmaximumMPt coefficientbecauseofseparation
oftheflowneartheleadingedge.Theoccurrenceofthistype-ofstall
mayintroduceseriousclifficultiestotheIow+qeedoperationofairplanes.
Ithasbeendemonstratedthattheundesirableeffectsofleading-edge
separationmaybeovercme,Inpartatleast,bysuitab16flapsatthe
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leadingedge.ofthewing.Anothersolutionwhichhasbeensuggeetedis
theapplicationofbountiry-layer“controlneartheleadingedge. .

An investigationofthelattermethodhasbeencompletedandis
reportedinreference1. Tneairfoilsectionemployedwasthe~CA 631-01-2.
Thissectionwaschosenbecausea preliminaryinvestigationofitsboun&ary-
layercharacteristicsshowedthattheflowseparatwdfromtheleadingedge
completelyandabruptlybeforetheonsetofturbulentseparationatthe
traillngedge.Boundary-layersuctionthrou@a singleslotintheupper
surfaceneartheleadingedgeprovedtobeeffectiveindelayingseparation
offlowfromtheleadingedge,atleastuntilaftertheestablisbmentof
turbulentseparationatthetrailingedge.Themaximumliftwasincreased
aboutone-thirdabovethatofthebasicairfoilsection.Itcouldnotbe
demonstrated,however,thaithestallwasentirelytheresultofturbulent
separation.Itwasbelievedpossiblethatthenosesuctionslotmayhave
beenticapableof’holdingtheflowonthesurfaceatlargervaluesoflift,
andthatthecompletestallmayhaveresultedfroma combinationoflaminar
andtmbulentseparation.

Inordertotestthecapabilityofthenoseslotatlargervaluesof
lift,a secondinvesti~tion- thesubjectofthisreport- wasmade.The
originalsuctionairfoilmodelwasrevisedbytheadditionofa suction
slotnearmidchord.Itwaseqectedthatthemidchordslot;bydelaying
separationoftheturbulentboundarylayer,wouldpermittheattainmentof
largervaluesofmaximumlfit.Theassociatedpressureminimumsandpres-

.

suregradientsinthevicinityofthenoseslotwouldbemoreseverethan
thoseoftheoriginalinvestigation,andwouldtesttheabilityofthenose .
slottoholdtheflowonthesurface.

Noattemptwasmadetodeterminetheoptimummidchordslotforcon-
trollingtheturbulentboundarylayer.(Considerabledataonsuctionslots
forcontrollingturbulentseparationalreadyexist.) Ihstead,themidchord c
slotwasconsideredsimplyasa deviceforimposingmoresevereconditions
onthenoseslot.

Inordertomakethepresenttivesti~tioncontinuouswiththatof
reference1,thefirstnoseslottestedwasidenticalwiththebestslot
foundintheoriginalinvesti~tion.Othernoseslotswerealsotried.
Thedatapresentedincludemeasurementsoflfit,drag,pitchingmoment,
andchordwisepressuredistiibutionaswellasboundary-layersurveys.
Theinvesti~tionwasconductedintheAmes7–by10400twindtunnelNo.1.

SYMBOLS

Thesymbolsusedinthisreportaredefinedasfollows:

c wingchord,5 feet
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cd-o’sectiondragcoefficientasmeasuredsystem,correctedforJe=oundary
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cm
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bythewind-tunnelbalance
effectbythemethodof

sectionprofiledragcoefficientasde&mninedfrm’wa@ s~eys,
correctedforJei+boundaryeffectbythemethodofreference2

sectionliftcoefficient,correctedforjet+oundaryeffectby

()themethodofreference2 &
o

sectionpitchin~nt coefficientscorrectedforjet+oundary

effectbythemethodofreference.2 (+ “
( ~oc)

sectionflowcoefficientofnosedot ()Q~
sectionflowcoefficientof ()Qmidchordslot —

Uoc

dragperunitspan,pounds

()

B*
boundary-layer-shapeparemeter~

liftperunitspan,pound~

pitchingmomentperunitspan,pound<eet.

localstaticpressure,poundspersquarefoot

footfree+treamstaticpressure,poundspersquare

~ressurecoefficient
(%7

free-streamdynamicpressure
(~pouo’)

spoundspersquarefoot

volumeflowthroughslot,atfree+3tie&density,perunitspan,
cubicfeetyersecond

Uoc

()
Reynoldsnumber ~
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localvelocityinsideboundarylayer,feetpersecond

localvelocityoutsideboundarylayer,feetpersecond

free+tieamvelocity,feetpersecond

slotwidth,feet

distancefromairfoilleadingedgemeasuredparalleltochordline,
feet

distanceaboveairfoilmeasurednormaltosurface,feet

section,angleofattack,correctedforjet+boundaryeffectbythe
methodofreference2,degrees

totalbourdary-.yerthickness,feet

flapdeflection,degrees

boundary-kyefidispl.acementthickness,feet[J&wd
boundary-layez+momentumthickness,

‘“4J’’%’+4

free+treammassdensity,

kinematic..viscosity,feet

slugspercfiicfoot

squaredpersecond

.

.

MODELANDAPPARA~

Model

A typicalsectionthroughthemodelanddetiileddimensionsofthe
suction;lotsareshowninf@re 1.

Themodelwasa ~oot chord,NA(!A631-w, tw~nsional airfoil
equippedwitha 27.5=percentihordplainflaphfngedatthechordline.
Circularendplates,6 feeth diameter,attachedtothemodel,formed
partofthewind-tunnelfloorandceiling.TWOinternalplenumchambers
provtdedtheductingforthesuctionslots.Benchtestsofsimulated
plenumchanibersandsuctionslotsindicatedthatthe@xmnal cross- *
sectionalareaswerelar~enou@toinsurereasonablyuniformflowinto
theslotsacrossthe7<oot–~panofthemodel.Flushorificeswerepro-
videdinthesurfaceofthemodelforthetiasurementofpressuredistribu- w
tion.
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Thenose+lotopeningcouldbeclosedwitha seriesofnarrow,
spanwisestriys.Thestriys,sha~edtothenomalcontouroftheairfoilv sectionattheouteredges,fittedtogethersnuglysoastopreventleak-”
agebetweenadjoining@rips. Byremovingthestripsoneata time,the
noseslotcouldbesuccessivelywidenedwithoutalterationstothemodel,
Slot1was0.k8inchor0.8~~ercentchordwide,andwasidenticalwith
slot19describedinreference1. Slot2 was0.84@ch or1.400-percent
chordwide,thewidestslotinvestigated.

. Thecenterlineofthemidchordslotwasat~l=peroentchord.This
looationwasdictatedprimarilybymodelconstructionMmitatlons.A more
forwardlocationwasimpossibleduetointerferencewitha hollowsteel
spar(whichalsoformedpartoftherearplenumcham%er)h theraidaection
ofthemodel.Itwasthoughtthata morerearwardlocationwouldhave
reduced.theeffectivenessoftheslot.Thepositionand.widthofthemld.-
chordslotwerenotdesignadtobealterablefnthewindtunnel.

Apparatus

Thesuctionrequiredtoinduceflowintothetwoslots
bytwotidependentcentrifugalblowersandduotingsystems.

wasprovided
Eachducting

syaknwas connectedtothemodelthrougha mrcuryseal,oneabovethe
upperendofthemodel,andtheotherbelowthelowerendofthemodel.
‘lhisarrangementisolatedthemodelfrm mechanicalforcesIntroducedby “
theexternalpiping.

d Thequantityofflow&rou@ theslotswascalculatedfromthepres-
suredropacrossanorificemeterineachsuctionline.Theairpressure
withinthetwoplenumchamberswasmeasuredbymeansofstatic-pressure
tubesintheplenumchambers.

Boundary-laye~elocityprofilesweremeasured.bymeansofsmall-rakes
attache~tothesurfaceofthemodel.Eachrakeconsistedofonestatic-
pressuretubeandsixormoretotal~ressuretubes.Severalsizesofrakes
wereused,dqendingonthethickessoftheboundarylayer.Measurements
weremaderangingfrm a fewthousandthsofan~h to10inohesabovethe
airfoilsurface.

METHOD
,

Thedatawereobtainedwhiletheangleofattackofthemodelwas
variedwithvariousconstantvaluesoftheflowcoefficientcq main-
tainedforeachofthetwosuotionslots.Testswerealsomadewiththe
midchordslotscaledwithcellulosetipeandsuctionappliedtothenose

● slotonly.

Forcemeasurementsweremadewiththeusualwind-tunnelbalance
●

system.= additiontothebalance-systemmeasurements,thedragwas
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measuredbythewake+urveymethod.Pressuredistributions,boundary-
l.ayersurveys,andplenum-chamberpressureswererecordedphotographically.
frommultiple-tul)emanometers.

Wheneverpossible,thetestsweremadewitha dynamicpressureof’h
poundspersquarefoot,whichcorrespondedtoa Reynoldsnumberof5.8
millionandaMachnumberof0.167.However,inordertoobtainflow
coefficientsgreaterthan0.0038forthenoseslot;or0.0080forthemld-
chordslot,thedynamicpressurewasreducedto20poundspersquarefoot,
whichcorrespondedtoa ReynoldsnumiberofL.1millionanda Machnumber
Of’0.2.3.6.-

RESULTS

Lift,12rag,and

AKDDISOUSSICUi

MomentOharactarfstics

Typicalltl?t,drag,andpitchlng+mmentdataforthemodelwithnose
slot2 andthelar~stsucthnflowpermitbdbytheapparatusareshown
h figure2. Similardataforthemodelwithoutsuctionslotsarealso
shownforcomparison.ThesectiondragcoeffIcientsc%’ showninthis
figurewere compu%dfromreadingsofthedragbalance,andtiherefore
includethetaredragofthecircularendplatesaswellasthesinkdrag
oftheboundary-layerflowInductqdintotheslots(i.e.,thecomponent .
ofmomentumoftheinductedairinthedragdirection).Theeffectof
theendplatesonthemeasuredvaluesof
tobesmall.

Sunnnaryplots showingthevariation

llftandpitchingmcmmntislmown ,

ofthemodelasevaluatedbythe

ofmaximumsectionUft coeffic-
ientwithflowcoefficientarepresented~ figures4 and5 forthemodel
withtheflapunreflectedanddeflected40,re~pectively.Ikttaaregiven
fornoseslots1 and2. Slotsofintermediatewidth,produedbysucces-
sivelyremovingthestripsonthedownstreamedgeofslot1,wereinves-
tf~tedbrieflyandprovedtobeinPerlortoslot2. Sinceitwasnotthe
purposeofthepresentinvestigationtoascertaintheopthumlead~dge
slot,nodataarepresentedforslotsofintermediatewidth.SlotswMer
thah noseslot2 werenot-investi~tedbecauseofmodelconstmucticm
limitations.

!Ihemanneroffalringthedatainfigures4 and~,that1s,theuse
ofa singlecurveto$ointestpointsobtainedforonevalueofReynolds m
numberwiththoseobtainedfora clifferentvalue,isopento critic im.
A fewtestpointscorrespondtigtointermediateflowcoefficientswere
obtainedforbothvaluesofRe~oldsnmber. tisameca6estheagreement ●

wasgood;intheothercases,largermaximumliftcoefficientswere
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obtainedforthesmallervalueofReynoldsnumber.Thescatterwasnot
muchgreaterthanthatcausedbytheunsteadyflowconditionswhich
existedatmaximumlift.

Liftwith.noseslotonl~.-Themaximumsectionliftcoei?ficientof
thebasicairfoilsectfon,asreportidinreference1,was1.38withthe
flapundeflectedand2.03withtheflapdeflected40°.Withsuction
appliedtonoseslot1 (c~~= 0.0065),thesevalueswereincreasedto1.84

and2.54.Aspreviouslymentioned,thenoseslotwassuccessivelywidened
duringthecourseofthepresentinvesti~tion.Themaximumsectionlift
coefficient.increaaedwithincreasedslotwidth.Theeffectivenessofnose
slot2 canbeseeninfigures4 and5.
(cqN

Themaximumsectionliftcoefficient
= 0.0065)was2.00withtheflapunreflectedand2.5’7withtheflap

deflected40°. Itistobeno~d,however,thatthegreatereffactiveness
ofnoseslot2,ascomparedtonoseslot1,occurredonlyforthehigher
valuesofflowcoefficient.Whereasthemaximumsectionliftcoefficient
ofthemodelwithnoseslot1 (andwiththenarrowerslotsdescribedin
reference1)appearedtobeapproachinganulthatevalueasymptotically,
withincreasingflowcoefficient,thedatafornoseslot2 showeda contin-
uousincreaseof cZmx atleastuptothelargestvalueofflowcoeffi-
cientemployedintheinvestigation(cqN= 0.0M5).Itseemsprobable,

therefore,thatgreatervaluesofliftcoefficientcouldbeattainedby
furtherincreasingthesuctionflowintonoseslot2.

Itshouldbementionedthattheincrementofliftproducedbythe
suctionslotwasnotsolelyattributabletothedirecteffectsofboundary—
layercontrol,butwasdueinparttothepressuredifferencewhichexisted
acrossthefaceoftheslot.S-e, fora givenanglsofattack,the
internalplenum-chauherpressurewaslessthantheexternalpressureover
theportionofthebasicairfoilcorrespondingtotheslotopening,an
incrementofliftresultedwhichwasentirelyduetosuction.Forthe
an~e ofattackcorrespondingtomaximumliftofthebasicairfoilsection
withtheflapunde~lected,itisestimatedthatthesuctionpressure
necessarytoproducea flowcoefficientof0.0065withnoseslot2 would
produceanincrementofliftcoefficientoftheorderof0.05.For
narrowernoseslots,ofcourse,theincrementwauldbemualler.Forthe
midchordslot,becauseofsmallerpressureclifferentlals,theliftincre-
mentisnegligible.Itisobvious,therefore,thattheincrementsofmax-
tiumliftobtainedinthepresentinvestigationarepredominatelythe
resultofdelayingtheflowseparationwhichcausedthestallofthebasic
airfoilsection.

Lift-withnoseslotand@dChordslot.-Theeffactivenessotthe
midchordslotinconjunctionwitheithernoseslot1 or2 canalsobe

. seeninfigures4 ani 3. Forallconditionsinvestigated,operationof
themidchordslotproducedsubstantial@ins inthemaximunsectionlift
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largestgainswereobtainedwithnoseslot2. With
bothslotsCqN = 0.0065,CqB = 0.01.15,valuesof . .

C!umx
of2.39and2.87wereobtainedwiththeflapunreflectedand

deflected40°. Ascmnparedtothebasica&foil,thesevaluesrepresent
incrementsofthemaximumsectionltit‘coefficientof1.01forthemodel
withflapundeflected,and0.8hwiththeflapdef.lectid40°. w COr-.
respondingincrementswithnoseslot1 (reference1)wereO.lt6and0.51.

Theeffectofthemidchordslotonthevariationofliftwithangle
ofattackwassubstantialJ-ythesameasthatofthenoseslot.The
linearportionoftheliftcurvewasextendedtohigheranglesofattack,
and,consequently,tohighervaluesoftheliftcoefficientxAlthough
flowintothenoseslotcausednochangeintheangleofattackforzero
lift(reference1),theactionofthemidchordslotwm toreducethe
angleofattackforzerolift(fig.2). !l%iseffect,however,wassmall,
amountingtoonlyaboutO.50forthemaximumsuctionflowinvestigated.
Forthemodelwiththeflapunreflectedandwithbothslotsoperative
theentireliftcurvewasdisplaced,but,withtheflapdeflected40 ~
“theliftcurvewasdisplacedonlynearzerolift,andtheliftcurves.
withandwithoutswtioncoincidedthroughoutmostoftheliftrange.

Thestallofthemodelwithcombinednoseandmidchordsuctionwas
accompaniedbyirregularflowinthewindtunnel.Visualobservationof
theaotionofshorttuftsofthreadgluedtothesurfaceshowedthat
separationbe@ attheouterendsof’themodelnearthetrailingedge,
spreadingforwardandinwardwithincreasingangleofattack.At the
angleofattackformaximuml~t,wedge-shapedareasofintermittently
separabdflowwereformedateitherendofthemodelalthoughtheflow
atthemidspansectionwasrelativelysteady.

Itisbelievedthatthisflowconditionwascausedbytheboundary
layerofthetunnelfloorandceilingbleedingintotheboundarylayer
ofthewtng,therebycausingprematureturbuldntseparationofflowfrm
theoutirsectionsofthemodelandaneffectivelossofliftingarea.
II’thebleedingactioncouldhavebeenprevented,itis~robablethat
greatervaluesofliftwouldhavebeenattainedbeforethemodelstalled
completely.Forthisreason,thevaluesof-themaximumliftcoefficient
givenhereinarebelievedtobelowerthanthetruesectionvalues.

.lE&- Thedragmeasuredbythewhd-tunnelbalancesystem,as
previouslymentioned,includedthetaredragofthecticularendplates
andthesinkdragoftheflowinducedintothesuctionslots.Thesink
dragaccountedfor the &eaterdragofthesuctionmodelshowninfigure
2. A secondeffectofboundary-layersuction,shownbythewake-survey
measurementsofifigure3,wastoreducetheextezmalprofiledragofthe
suction modelbelowthatofthebasicmodel.Justtheoppositeoccurred
forthemodelwithoutthemidchordslot.Itisshowninreference1 &t
theextezmaldragofthemodelwithnoseslot1 was,ingeneral,equal

s

w—
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toorgreaterthantheprofiledragof
thattiereductionofdragexperienced

9

thebasicsection.Itisevident
bythemodelwitithemidchord

suctionslotresuitedfroma ‘%inningof-theturbulentboumiarylayer
overtheportionofthemodeldownstreamofthemidchordslot.Thenet
ef’fect,then,oftheboundary-layersuctionwastoincreasethetotaldrag
becausethesinkdragwasgreatirthanthereductionofprofiledragpro- -
ducedbyboundary-layercontrol.(m anidealizedsystem,ofcourse,the
sinkdragcouldbeexactlyoffsetbypreservingthemomentumofthe
inductedairanddischargingitintherearward direction.)

Pitchtn~moment.— Theeffectofthemidchordslotonthepitching
momentswassmall.Sincethenoseslotaloneproducednoappreciable
effect(reference1),theslightpositiveshtitoftheyitching+uoment
curvewithbothslotsoperating,shownin.fig&e2,mayheattributedto
thesinkeffectofthernidchordslotonthechordwiseloading,me effect
ofthereducedthicknessoftheturbulentboundarylayerdownstreamofthe
slot,wouldbetoproducemorenegativepitchingmoments,theopposite
effectfromthatobserved.

PressureDistribution

Sometypicalpressuredistributionsareshowninfigure~6 and7 for
themodelwiththeflapundeflectedandwithitdeflected40 . Wessure
distributionsforthemodelwithoutsuctionslotsnearmaximumliftare
alsoshownonthesep~ts. TheValuesofthepressurecoefficientP are
observedvaluesandhavenotbeencorrectedtozeroMachnumber.The
negatiyepressure-coefficientpeaksnearthenoseofthesuctionmodel
weresogreatastoextendbeyondtherangeoftheordinatescale.The
observedvaluesinthisregionaretabulatedintheplots.Thefairing
oftiepressurecoefficientsinthevicinityofthemidchordS1Ot ismore
orlessarbitrarybecauseoftielackofsufficientpressureorlficesto
defineaccuratelythelocationofthestagnationpointonthedownstream
edgeoftheslot. .

Itisapparentthattheincreasedliftofthemodelwithcombined
noseandmidchordsuctionproducedgreaterne~tivepressure+oefficient
peaksattheleadingedgeofthemodelthanwereattainedwiththebasic _
airfoilorthenoseslotalone(reference1). 5 changeinchordwise
loadingproducedbythemidchordslotcanbeseeninthesefQures. The
pressuresatthetrailinged~ (fig.6) recoveredtogreaterthanfree-
streamconditions,suggestingthatno
angleofattickof21.1° (C2 = 2.28)
deflected40°(fig.7),theflowover
theangle+f+ttackrange.

separationoccurredevenforan
nearmaxiimmlift.Withtheflap
theflapwassepbrabdthroughout

Boundary+ayerMeasurements

A typicalsetofboundary-layer+velocltyprofilesmeasuredoverthe
modelwiththeflapunreflectedisshowninfigure8. Theconditions

.
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forthesemeasurementswereasnearthosecorrespondingto maximumllft
aswaspracticable.Uhsteadineesofflowrenderedmeasurementsath@er
valuesofliftunsatisfactory.Thechordwisevariationsofthederived
boundary-la~rparameters0 and H areshownInfiguke9 foranangle
ofat,tackofapproximately12.~ forseveralslotconfigurations.The
effectofincreasingtheangleofattackontheseboundary-layerparameters
forthemodelwithbothnoseslot2 andthemidchordslotfunctioningis
showninfigure10.

Theboundary-layer+elocityprofIlesshowninfigure8 showthe
stabilizingactionofthemidchordslot.Thevelocityclosetothesur-
faceatthek9+percent-chordstation,justaheadoftheslot,wasincreased
bythesinkeffectoftheslot.hrnstreemoftheslotthethiclmessof
theboundarylayerwasgreatlyreduced.~is S- res~tiSevi~ntfr~
thechordwisevariationsoftheboundary-layer—mcmentumthickness e and
oftheshapeparameterH. Moreover,aswouldbeexyected,boththenose
andthemidchordsuetionslotsreducedthevaluesofbothparametersbelow
thoseforthebasicwing.Theeffectofthemidchordsuctionwas more
pronouncedsincetheslotwaslocatedfna regionwherea relativelythick,
well+eveloped,turbulentboundarylayerexisted.

Figure10,whichshowstheeffeatofincreasingtheangleofattack,
revealsthatthevalueoftheshapeparameteratthetrailtigedgeofthe
suctionmodelnearmaxhnnuliftwassurprisinglylowincomparisonwith
thevalue2.6,whiohhasbeenshowntobe indicativeofturbulentsepara- .
tion.Ata liftcoefficientof2.28(themaximumliftcoefficient,2.39),
themodelwasapparentlyinno imminentdangerofstallingfromseparation
oftheturbulentboundarylayerasisshownbythevalueoftheshape H

parameteratthetrailingedge(lesstin 1.6).~is resfitleavesthe
causeofthestalluncertain.Asmentionedpreviously,theflowoverthe
modelinthewindtunnelwasIrregularnearthemaximumlift,andundoub%
edlywasseriouslyaffectedby inflowfrmuthetunnel+allboundarylayer
whichdisruptedthetwo+imenslmalnatureoftheflow..

Fornoseslot1 (slot15ofreferenoe1)witha flowcoefficientof
0.0065,theadditionofthemidchordslot (cqB= 0.0125)resulted in
liftincrementsofapproximately0.30and0.20withtheflapundeflectad
anddeflected40°,respectively.5se liftincreaseswereaccomplished
withoutanyapparentseparationfrcmeithertheleadfngorthetrailing
edgeoftheairfoil. Itmustbeconcluded,therefore,thatforthe
investigationreportedinreference1,thestalloftheairfoilwithonly
thenoseslotwasduesolelytoturbulentseparationfromthetrailing
edgeandnotfromtheInabilityofthesuctionslottomaintainflow
behindtheleadingedge.

Plen~ler XYessures

An indicationofthepressuresagainstwhichthesuctionpumpsmust
operateisgivenInfigure11. Thesedatawereobtainedforthemodel

.
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withnoseslot2 from
theplenumchanibers.
thepressureoverthe

11

the averagereadingsofstatic~mssuretubesin
Thepressuresareexpressedinthesame.~er as
surfaceoftheatrfoil.

Theamllerpressuresinthenose+lotplenumchamber,ascampared
tothoseInthemidchord+lotplenumchamber,werecaused,primarily,by
thelowpressuresi.ntievicinityoftheleadingedgeagainstwhichthe
suctionpumphadtooperate.A moreefficientslotdesignwouldundoubt-
edlyreducethepressureratiorequiredtomaintainsuctionthrou@either
oftheslots.However,itisthoughtthatmy reductionintherequired
pressureratioduetoimprovedslotefficiencywouldbe ofsecondary
importance.Thepressurefieldinwhichtheslotislocatedwilldeter-
minethebasicpressureratio.

Itisinterestingtonotethesuctionpower
andmidchordslots.Bytheuseofthefollmd.ng
obtainedata Reynolds.numberof4.1milllon,

c1= 2.8

requiredbythenose
experhental values

%n= 0.0065,P = -24

C!+j = 0.0115,P = – 2.6

and,withtheassumptionofidealefficIency,a simplecalculationofthe
suctionpowerrequiredforanairplanewitha l~ool+chordwinglanding
at100milesperhourgives

Noseslot,10.7horsepower~erfootofspan

MidChordslot,1.3horsepowerperfootofspan

Totil,12.0horsepowerperfootofspan

AlthoughthelantigReymoldsnwrberofthehypotheticalatiplaneis
considerablylargerthan4.1millionandundoubtaildywouldaffectthe
volumeoftherequiredsuctionflow,theexampleispesentedtomake
theresultsdirectlycomparablewiththeresultsofa stmi~ calcula-
tionpresentedinreference1.

comIJJDniGREMARKB

Thecombinationofa noseanda midchordboundary-layersuction
slothasbeenshowntobemoreeffectiveinincreasingthemaxbnnulift
oftheNACA631+12airfoilsectionthana noseslotoperatingindepend-
ently.Forthisinvestigationwiththecombinedcontrol,conductedat
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Reynoldsnunibersof5.8and4.1million,theIargeatincrementsofthe
maximumsectionliftcoefficientsobtainedwere1.01withflapundeflected
and0,84withtheflapdeflected~ 0. Thesevaluesarelargerby0.39 .

and0.30,respectively,thanthoseobtainedwiththenoseslotalone.
Greatervolumeflowsthroughtheslotsthanthosewhichwereattainable
withtheexperimentalapparatusappeartooffer stilJgreatereffective-
ness.

Becauseofthegreatervaluesofliftattainedbythemodelwith
ccmibinedsuction,itisclearthatthenoseslotofthemodelwithouta
midchordslotwascapableofpreventinglead~dge separationforcondi-
tionsofpressureminhmmandpressuregradientmoreseverethanthose
encounteredIntheinvestigationofthemodelwithouta midchordslot.
Thecauseofthestallwithcombinedleadin~dgeandmidchordsuction
wasuncertain.Becausetheboundar@ayermeasurementsoverthemodel
midspangavenoindicationofanypendingflowseparation,itisthought
thatthemaxbumliftof’themodelinthewindtunnelwasLhnitdbya
breakdownoftwo-dimensionalflowduetotunml+allboundary~yer
bleedingintotheboundary,layerofthemodel.

AmesAeronauticalLaboratory,
NationalAdvisoryChm@tteeforAeronautics,

MoffettField,Calif.,November
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